Background Risk factors for raised blood pressure include obesity, physical inactivity, high dietary salt intake, stress, and high alcohol consumption. Much less is known about the effects on blood pressure of modification of these risk factors for the purposes of disease prevention. A systematic review and meta-analysis of randomized controlled trials (RCTs) was conducted to estimate the effects of various non-pharmacological interventions on blood pressure. Methods RCTs of single interventions aimed at altering these risk factors among adults aged 45 or older with and without hypertension, and with at least six months follow-up were included. MEDLINE was the primary source and the boundaries of the study were from 1966 to April 1995. Results The majority of RCTs were of short duration and did not provide guidance on the sustainability of effects and were excluded. Totals of eight RCTs of salt restriction, eight RCTs of weight reduction, eight of stress management, eight of exercise, and one of alcohol reduction of longer than six months duration were found. Net (i.e. intervention -control group) systolic blood pressure changes, mean mmHg (with 95 per cent confidence intervals in parentheses), in hypertensives were as follows: salt restriction -2.9 (-5.8, 0.0), weight loss -5.2 (-8.3,-2.0), stress control -1.0 (-2.3,+0.3), and exercise -0.8 (-5.9,+4.2). Smaller changes were found in normotensive participants: salt restriction -1.3 (-2.7,-1-0.1), weight loss -2.8 (-3.9,-1.8), exercise -0.2 (-2.8,+2.4), and alcohol reduction -2.1 (-4.1,-0.1). Some interventions (e.g. stress control in normotensives) were not examined in either hypertensives or normotensives. The majority of RCTs were of low methodological quality and bias often tended to increase the changes observed. Few of the trials controlled for the confounding effects of concurrent changes in other blood pressure risk factors. Conclusion These net changes are probably overestimates of the effects that might be achieved by non-pharmacological interventions. There is a need for large-scale, long duration trials of these non-pharmacological interventions in both hypertensive patients and normotensive people to determine effect sizes more accurately.
Introduction
There is no doubt that drug treatment for the control of high blood pressure is associated with acceptable absolute treatment benefits among high-risk and older hypertensives.
1 ' 2 Risk factors for raised blood pressure include obesity, physical inactivity, high dietary salt intake, stress and high alcohol consumption. 3 It is common practice to recommend nonpharmacological methods of lowering blood pressure before or as adjuncts to drugs, particularly among mild or moderate hypertensives. 4 These life-style interventions include weight loss, physical exercise, lowering dietary salt intake, reducing stress and lowering alcohol consumption. To evaluate the relative merits of these life-style factors a systematic review and meta-analysis of randomized controlled trials (RCTs) was conducted.
Methods

Search methods
Randomized controlled trials of blood pressure lowering by specific interventions were identified by a systematic MEDLINE search strategy from 1966 to April 1995. The strategy used a series of terms to identify RCTs and then used topic terms to define the diseases of interest, coronary heart disease and stroke. Text word searches using the terms prevention and specific interventions of interest were searched for, comprising dietary change, exercise, weight loss, blood pressure control. This was supplemented by examination of the reference lists of each of the RCTs identified, consultation with experts in the field, and checking citations. Studies involving children or only younger (less than 40 years) adults were excluded. Trials of secondary prevention were excluded. As primary prevention requires sustained changes in behaviour, studies with follow-up of less than 26 weeks were also excluded. A list of excluded trials is available from the authors. 
Statistical methods
Blood pressure changes were assessed as net changes (i.e. intervention group difference minus control group difference), as this makes allowance for secular trends, measurement habituation effects and regression to the mean. Net changes for continuous variables were pooled by using the weighted mean differences approach using Cochrane Collaboration RevMan systematic review software. 5 Both fixed and random effects analyses were used with similar estimates throughout; fixed effects analyses are presented here.
Results
The effects of multiple risk factor interventions were examined in an earlier systematic review and have been reported previously. 6 
Salt reduction
Only eight RCTs which fitted the inclusion criteria were found (see Table I ).
7 " 14 In general, the level of reduction of blood pressure was related to the success in reducing salt intake as measured by urinary excretion of sodium. An exception was the Trials of Hypertension Prevention-I study, 7 which achieved large reductions in sodium excretion but despite this, only small reductions in blood pressure. Small pooled net systolic/diastolic changes of -2.9/-2.1 mmHg and -1.3/-0.8 mmHg (fixed effects models) were found in hypertensive and normotensive participants, respectively.
Weight reduction
Eight trials of weight reduction were found (see Table 2 ).
7,12.14- 19 The importance of considering associated salt intake, alcohol restriction and exercise was not considered 
Reducing stress
Eight trials of various stress reduction and relaxation interventions among hypertensive people reporting effects over at least six months were found (see Table 3 ). 7 -20~26 There was considerable heterogeneity of effects between the trials; two trials conducted by the same group and using a meditation intervention reported falls in blood pressure substantially greater than other trials. 20 ' 22 In these trials, several safeguards to bias were made: use of random zero sphygmomanometer, training, and use of a single nurse for the majority of observations. However, the nurse was not blind to group allocation and the intervention group had substantially greater contact with medical staff, which may have led to a non-specific habituation effect. Very small pooled net falls in systolic/ diastolic pressure (-1.0/-1.1 mmHg) were found, despite including these two trials.
Exercise
Eight trials were found which fulfilled inclusion criteria (see Table 4 ). 27 " 34 One of the trials did not report blood pressures but stated that no reductions were observed, 32 and was excluded from the formal meta-analysis. In two 2x2 factorial design trials evaluating exercise and dietary changes, 28 ' 34 it was not possible to examine the main effects of the exercise intervention as data were either presented for the four randomized groups separately, 28 or the main effects findings were only partly presented. 34 In none of the trials were allowances made for concurrent falls in body weight which may explain falls in blood pressure. Non-significant pooled net systolic/diastolic changes of -0.8/-3.7 mmHg and -0.2/+0.1 mmHg were found in hypertensives and those with other risk factors and normotensive participants, respectively.
Alcohol
Reduction of alcohol consumption was assessed in UK general practice in a RCT of advice to drink no more than 18 and 9 units per week for men and women respectively who had been identified at screening to report excessive consumption. 35 At one year, the intervention group had reduced their consumption from 18.2 to 8.1 units/week for men and from 11.5 to 6.3 units/ week for women. Among men, systolic blood pressure fell by 6.8 mmHg in the intervention group and 4.7 mmHg in the control group, a net change of -2.1 mmHg. Unfortunately, changes in weight were not reported and it is likely that some of the reduction in blood pressure was associated with weight loss.
The effects of these interventions are summarized in Fig. 1 , where the effects of drug treatment 1 ' 2 and multiple risk factor intervention 6 are also included for comparative purposes.
Discussion
The RCT evidence to support commonly recommended lifestyle modifications for control of blood pressure was surprisingly inadequate. Although there were abundant reports of short-duration and very intensive trials, none of these were relevant to the issues of long-term sustainability, which is of prime importance in clinical practice and in determining public health impact. Of the trials considered, several were of low methodological standard, raising doubts about their validity. None of the trials attempted to allow for concurrent changes in other life-style or physiological factors which might be modified in intervention groups. These problems of validity make it difficult to make firm conclusions on the basis of the RCTs considered and make it probable that the findings reported are overestimates of the effects that might be achieved in practice.
Salt restriction
We found a small but statistically significant effect on blood pressure lowering of salt reduction. Several recent reviews and meta-analyses of this issue have been published. 36 " 40 The inclusion of non-randomized comparisons in meta-analysis 39 has been shown to inflate the apparent effect of sodium intake on blood pressure. 37 ' 38 A 100 mmol/day reduction in sodium intake has been reported to yield a 5.8 mmHg systolic/ 2.8 mmHg diastolic reduction in hypertensive subjects and 2.3/ 1.4 reductions in normotensive subjects. 36 However, as the median duration of these studies was only one month it is unlikely that such impressive reductions are sustainable. Furthermore, a quasi-experimental study over five years in two towns -one intervention and one control -using mass media techniques directed at women showed that although urine sodium excretion declined by 25 mmol/day in women (urine sodium excretion increased in the control town by 8 mmol/day), blood pressures declined to the same extent in both intervention and control towns. 41 By contrast, a Portuguese community experiment examining the effect of advice to use less salt over two years found that despite relatively small reductions in urinary sodium excretion (estimated by spot urine sodium/creatinine ratio) at final assessment, systolic and diastolic blood pressures had both fallen by 5 mmHg more in the intervention than control areas. 42 Two trials, conducted by the same research group, have examined whether salt restriction results in a reduced need for antihypertensive medication. The Dietary Intervention Study of Hypertension (DISH) reported a two-fold increased odds of remaining off antihypertensives in those participants randomized to either weight loss or salt restriction. 43 By contrast, in the Trials of Antihypertensive Intervention and Management (TAIM) this effect could not be replicated. 14 
Weight reduction
We found significant effects on blood pressure lowering for both hypertensives and normotensives but the number of trials and participants were small. Observational evidence on weight reduction shows that weight change (either increase or decrease) is associated with increased risk of cardiovascular disease 44 and supports an aetiological role of obesity in determining levels of blood pressure. 45 A small trial of 11 weeks duration found that weight reduction without restriction of salt intake did not lead to falls in blood pressure, whereas loss of weight together with restriction of salt intake was effective in lowering blood pressure in obese hypertensive patients. 46 The role of weight reduction, independent of salt restriction, in the long-term control of hypertension has received remarkably little attention and large RCTs have not been carried out.
Stress reduction
Although the effect demonstrated in two trials was very large, these findings may be inaccurate. A recent meta-analysis of the efficacy of a wide range of behavioural techniques in patients with essential hypertension 47 demonstrated that between 1970
and 1991 of over 800 published works in this area, only 26 reported findings from trials with concurrent control groups. The quality of trials was also low: control for confounding by reductions in weight, salt and alcohol intake, and exercise was not carried out; in 18 of the 26 trials concurrent treatment (and dosage changes) with antihypertensive drugs was permitted; most were of short duration (mean 9.7 weeks); drop-out rates were high. This meta-analysis also demonstrated that in those studies where baseline recording of blood pressure was carried out for only one day and comparison was made with a non-treatment control group, very large effects were found. In trials where baseline assessment of blood pressure was carried out over more than one day and comparison was with a sham placebo or self-monitoring, reductions in blood pressure were small and were no greater than might have occurred by chance. It seems likely that the impressive findings in the one long-duration trial reported here 20 were due to some of these methodological problems. A larger RCT was initiated over a decade ago to replicate these findings as part of the first phase of Whitehall II Study. 48 Publication of results from this trial is eagerly awaited but no findings have been reported yet.
Exercise
Our meta-analysis showed small and statistically insignificant effects on blood pressure. Three reviews of the relationship between exercise and blood pressure have been published. 49 " 5 '
The earlier reviews commented on the poor quality of studies, in particular the lack of controls and the lack of blind assessment of blood pressure which make it 'impossible to reach a conclusion about the effectiveness of exercise programs in reducing blood pressure' 49 and 'the evidence available ... is inadequate to recommend exercise training as a non-pharmacological therapy in hypertension'.
50
A more recent meta-analysis examined 22 trials of efficacy of exercise in lowering blood pressure. 51 Only one trial among older people (mean age 65 years) of longer than 26 weeks with random allocation and a concurrent control group was found. 27 Three other studies of longer than 26 weeks duration were cited but two were non-randomized comparisons and one used a before-and-after study design. The majority of studies were among younger adults, were of short duration and used beforeand-after designs or non-randomized comparison groups. Major methodological weakness were apparent in all but one trial. Not surprisingly, the meta-analysis showed a substantial mean reduction in blood pressure of about 6-7 mmHg in both systolic and diastolic blood pressure, 51 which is not the case when only those trials of longer duration are considered as in this review.
Alcohol
The single relevant trial found showed an impressive effect on blood pressure but this may have been due to concurrent changes in body weight. In hypertensive people, a short-term (six weeks), small-scale (44 participants), cross-over trial demonstrated significant reductions in blood pressure (-5/-3 mmHg) after allowance by multiple regression analysis for weight reductions. 52 There is a considerable amount of evidence describing a positive relationship between alcohol consumption and blood pressure both between populations 53 and within populations. 54 ' 55 The relationship does not appear to be age dependent, and may be stronger in older men 56 and women. 57 A short-term, small-scale cross-over trial has shown that systolic blood pressure increases by 1 mmHg for every 100 ml ethanol consumed per week among men aged 25-55 years drinking about 350 ml of ethanol per week. 58 Large-scale factorial design trials could be set up to explore the main and interaction effects of weight reducing diets and alcohol reduction among hypertensives.
Other interventions
Potassium supplementation
A meta-analysis has assessed 19 clinical trials published between 1980 and 1989 which randomized 586 people to potassium supplementation, 70 per cent of whom had essential hypertension. 59 None of the trials reported were longer than 16 weeks, and the mean was only 5.5 weeks. The subjects in these trials were relatively young, with a mean age of 39.6 years (range 21-58 years). The trials all used oral supplementation rather than promotion of high potassium containing foods and so may be considered as quasi-pharmacological intervention in terms of access, adherence and appropriateness. Significant net reductions of systolic/diastolic blood pressure of -8.2/-4.5 mmHg and -5.9/-3.4mmHg were found among hypertensive and normotensive people, respectively. Longterm trials and interventions based on dietary changes would be valuable in this promising area.
Calcium supplementation
Calcium supplementation has been examined in a meta-analysis of 15 RCTs published between 1985 and 1989. 60 The longest study was of 15 weeks duration with a mean of six weeks. No effects of supplementation were found.
Mineral salts
A recent Dutch trial 61 of 101 participants (age range years) compared the effects of a mineral salt substitute (potassium and magnesium) with usual diet and common salt, and reported reductions in systolic and diastolic blood pressure of -7.7 (-12.3 to -3.1, /? = 0.001) and -2.8 (-5.8 to +0.2, p = 0.06) mmHg, respectively, at 24 weeks associated with a fall of 23 mmol in sodium excretion per day. However, the Trials of Hypertension Prevention Group 7 among much younger subjects did not find any benefit from magnesium or potassium supplementation, although the two studies differ in age structure, size and use of co-interventions. Replication of the Dutch findings would be of great value in determining whether their evidence should be acted upon.
Fish oil (omega-3 fatty acids)
Three systematic reviews have been published on this topic. 62 " 64 The more complete systematic review found References significant reductions in systolic/diastolic blood pressure (-3.47-2.0 mmHg) among hypertensives but not normotensives. 64 
Other dietary changes
More general 'healthy' dietary changes may be important in reducing blood pressure. In the dietary arms of the two factorial design trials considered here, 28 ' 34 significant falls in both systolic and diastolic blood pressure were observed in the diet and diet plus exercise groups compared with placebo. In a metaanalysis of sustained dietary interventions aimed at lowering blood cholesterol, small but statistically significant reductions in blood pressure were observed. 65 A recent RCT examined the short-term (eight weeks) effects of a diet high in fruits and vegetables and a combination low fat and high fruit and vegetables compared with a control diet in adults with mild or no hypertension. The combined diet achieved large net blood pressure reductions (-5.5/-3.0mmHg) overall and was effective in both hypertensive and normotensive participants. 66 Further trials examining the sustained effects of such dietary interventions are needed.
Conclusion
Non-pharmacological life-style interventions are difficult to test in RCTs because the techniques used in drug trials to improve internal validity (i.e. double-blinding, standardization of intervention) are not possible. The less methodologically sound studies tend to be biased towards finding larger treatment effects, which taken with publication bias, makes many of the pooled results reported in this systematic review questionable.
The evidence available to support commonly used life-style interventions is weak. Weight reduction stands out as a simple but potentially useful intervention. A large, recently published trial of weight reduction and salt restriction among 875 elderly men with mild hypertension found blood pressure reductions very similar to the pooled estimates in this meta-analysis for both interventions. 67 However, in most of the areas examined, the small size of the trials analysed and the possible confounding by salt intake and alcohol reduction mean that large-scale confirmatory trials are still required. The current Trials of Hypertension Prevention Phase II 68 will provide answers to the independent and combined effects of salt restriction and weight loss in people with high and normal blood pressures; its findings are eagerly awaited.
